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Recent experimental results

)
on the effect of the fluctuation of superconductivity order parameter on resistivity above the transition temperature show that under suitable conditions the notion of mean field theory of criticalfluctuation 2 ) has a wide tempetature range of applicability in a dirty superconductor. 3 ),4), 5) However, in the immediate vicinity of the transition point those results also ap~ pear to show a considerable deviation from the mean field theory. In the present paper we intend to clarify· the physical picture of dynamic critical phenomena in a dirty superconductor., In the classical range where the mean field theory is valid the spatio-temporal correlation of the fluctuation field has already investigated microscopically above the transition temperature. I-Iowever, the expression (1), loses its validity in the immediate vicinity of the transition temperature, Since the damping constant of the fluctuation of long wavelength (q<~) becomes extremely small, the fluctuation ,grows large so that an interaction between the fluctuation modes must be taken into account. Such temperature range is called the critical range. The spectrum .of the fluctuation field has to be, determined self-consistently. Batyev" Patashinskii and Pokrovskii (BPPY) have attempted to construct such a self-consistent theory for a pure superconductor in the static case., They show that the spectrum of the fluctuation field behaves as q3/2 on the transitiOl~ point and that the. specific heat contains a term which diverges logarithmically. Recently, using the BPP spectn,lm, Maki has shown that the electrical conductivity has a te:rm increasing like 1j-1 / 3. But since the BPP spectrum is that of a fluctuation of short wavelength (q">~) and since the main contribution tc> the transport quantities comes from fluctuations at long vvavelength (q;:;~), it seems necessary to re-examine dynamic critical phenomena.
In this paper we show that the, retarded correlation function of the fluctuation field at long wavelength in the critical range above the transition point becomes which does not depend on the mean free path. 6 ) We can write (J)T as (14) where /C is the inverse correlation length determined later, vve obtain a dimensionless expreSSIOn
g)R(r-r', t-t ' )=g2ifJ(t-t ' )<[?J!+(r, t), ?J!(r', t')J>,
The terms neglected are those of the order of or the higher order than Ij. 
which has a solution as 
for d=2.
The coefficient A is a numerical constant of the order of one.
(b) Dynamical property: Since, as is already pointed out, critical phenomena are characterized by the appearence of slowly varying mode,' it is sufficient to consider a case of low frequencies. Therefore we may expand (16) in powers of s and retain linear terms of s. Then we obtain ,1 
III the film system. These relations are derived from comparIson between the diffusion constants in the classical range and in the critical range. As is expected, the critical range of the film system becomes wider when the thickness of film becomes thinner. § 3. Electrical conductivity Let us study how the properties of the fluctuation field reflect on the transport phenomena. As an example of anomalous transport phenomena ~e briefly consider the electrical conductivity of an isotropic superconductor in the presence of a uniform external electric field. As is well known the frequency dependent conductivity (J aj3 (0) is calculated by a formula
where Ka~ (w) IS the Fourier transform of retarded current-correlation function defined by
t), J~ (r', t')]) .
(29) in thermal technique'where (2elm)Oqa is a p-wave vertex part with two external fluctuation fields (Fig. 4 (b») . Since we can show later that Q (0, 0, 0) has constant value, we get 
for d=3,
for d=2 .
Let us calculate 0' explicitly. We first consider the three-dimensional case .
. 
Next we calculate 0' (2) . In the classical range we may use the lowest order process for the current vertex Q. Then we get
Thus we get 111 our approximation
The conductivity contains a term vvhich increases like 71-1 / 2 in the classical range.
(3-b) Critical range: The contribution from the first process is given by
which contains a term diverging like r;-1/3. Next we consider the second process .
. If we use the lowest order vertex part (35) for 0, (5/(2) does not become singular.
We must also determine 0 self-consistently so as to include the effect of interaction of :fluctua~ion modes. Such an integral equation for 0 is easily written down since we use the process shown in Fig. 2 as the proper selfenergy. But since it is sufficient to know only the limiting form 6 (0, 0, 0) for the present calculation, we can. obtain it from Ward's identity14), 15) .
0= -mN(O)A(T).
Thus we get (5 ' (2) 
.21((3)' 
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Thus we find ) also show the same singular behaviour as the conductivity does, but the thermal conductiyity show no singular behaviour. Although these conclusions have q.lready been derived by Maki, our physical picture is different from his.
Finally let us consider problems in the two-dimensional system: The experimental results 1 ),16) seem to be predicted by the "Curie-Weiss" formula in the classical range. If we may disregard 0/(1) ((1), our second process produces the desired conductivity (43). Moreover since 0/ (2) in the critical range is smaller than that in the classical range, one may explain the deviation of resistivity from the "Curie-Weiss" formula of the classical range in the inlmediate vicinity of the transition point. Therefore in the whole critical region (classical and critical) one may predict the experimental results by the " Curie-Weiss" formulas 13 ) with different coefficients.
However, because of the singulat dependence of 0/(1) ( (1) on (1), it is very necessary· to investigate transport properties systematically both in the classical range and in the critical range. ]'hese will be studied in a future publication together with effects of the fluctuation field on thermodynamic properties of a dirty superconductor.
